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Description 

The invention relates to an improved silver cata- 
lyst and to a process for preparing such silver cat- 
alyst, suitable for use in the oxidation of ethylene to 
ethylene oxide and to a process for preparing ethyl- 
ene oxide by the use of such catalyst and to ethyl- 
ene oxide so prepared. 

It Is generally known that silver catalysts are ap- 
plied in the oxidation of ethylene to ethylene oxide. It 
Is refenred to the British Patent Specification 
1,413,251, In which such silver catalysts are dis- 
closed. Moreover there is disclosed in the applica- 
tion that small amounts of one or more promoters 
are present, such as cesium compounds, rubidium 
compounds and potassium compounds. EP-A 0 059 
422 refers to a silver catalyst, suitable for use in 
the oxidation of ethylene to ethylene oxide, essen- 
tially consisting of an alpha-alumina carrier having 
supported thereon: 

a) metallic silver as the active cataytic species, 

b) from 1000 ppm to 1 .5% by weight of sodium and 
from 100 ppm to 0.5% by weight of cesium in cationic 
form as a promoter, and 

c) from 5 ppm to 0.1% by weiglit of at least one hal- 
ogen element selected from chlorine, bromine and 
fluorine as an anionic component 

Applicant has now found silver catalysts with im- 
proved selectivity and stability. 

The invention relates to an improved silver cata- 
lyst, suitable for use In the oxidation of ethylene to 
ethylene oxide, characterized by 

a calcined, alkali metal enriched alumina carrier 
having supported thereon 

a) from 1 to 25 per cent by weight of metallic sil- 
ver, based on the weight of the total catalyst, 

b) an alkali metal of the group consisting of potas- 
sium, rubidium and cesium, in the form of their oxide 
or hydroxide as a promoter and 

c) a fluoride-anion, 

the latter two under b) and c) each being present 
in an amount between 10 and 1000 parts by weight 
per million parts by weight of the total catalyst. 

The invention further relates to a process for 
preparing a sliver catalyst, suitable for use in the 
oxidation of ethylene to ethylene oxide character- 
ized in that an alkali metal enriched alumina carrier, 
which has been calcined, is Impregnated with a solu- 
tion of a silver compound, sufftcient to cause pre- 
cipitation on the earner of from 1 to 25 per cent by 
weight, based on the weight of the total catalyst of 
metallic silver, and before, during or after that im- 
pregnation also with one or more dissolved potassi- 
um-, mbldium- or cesium compounds as promoter 
and with an additional source of fluoride-anions, 
and after precipitation the silver compound on the 
impregnated carrier is reduced to metallic silver. 

The carrier used in the inventive process for the 
preparation of silver catalysts, is an alkali metal en- 
riched alumina carrier, which has been calcined, 
preferably to a temperature of between 1200 and 



1700 ^C. A large part of the calcined material will be 
alpha-alumina, but the existence of spinels or other 
configurations can not be excluded, since the cal- 
cined material is enriched with alkali metal. Salts or 
5 hydroxide of an alkali metal have been mixed with the 
original alumina. Suitable salts include fluorides, ni- 
trates, chlorides and sulphates. Suitable metals are 
lithium, sodium, potassium, rubidium and cesium. 
Prefen^ed compounds are cesium fluoride, cesium 
10 chloride, lithium fluoride, lithium nitrate and cesium 
hydroxide. Preferably the alkali metal compound Is 
mixed with the alumina In such quantity that the atom- 
\c ratio of alkali/aluminium Is between 0.0005 and 0.1 . 
If desired silidum dioxide is additionally mixed with 
15 the alumina In such quantity that the atomic ratio of 
sillclum/aluminlum Is between 0.1 and 0.5. The alumi- 
nas may be modifications which by calcination pro- 
vide alpha-alumina, such like gamma-alumina. Hy- 
drated aluminas may also be suitable, such as boeh- 
20 mite, which latter by calcining via gamma-alumina 
provides alpha-alumina. 

Preferably the canier Is prepared by mixing the 
alumina with water and alkali metal salt or hydroxide, 
extruding the obtained mixture to shaped particles 
25 and calcining the shaped particles, preferably to a 
temperature between 1200 *C and 1700 "C. The cal- 
cination may be canied out In one or more steps, de- 
pending on the choice of alumina modification. Gen- 
erally a sufficient amount of water Is added to form 
30 a paste suitable for extrusion. The obtained extruda- 
ble paste is then extmded and shaped to particles. 
The shaped particles are heated In order to evapo- 
rate the water. The solid particles are then calcined, 
preferably to a temperature between 1200 and 
35 1700 '^C. 

Suitable aluminas are powders of gamma-alumina, 
alpha-alumina monohydrate, alpha-alumina trihy- 
drate or beta-alumina monohydrate, which powder 
during calcination are sintered. At the calcination 
40 temperature the crystal structure may be modified. 
The cubic structure of gamma-alumina is converted 
into the hexagonal stmcture of alpha-alumina, de- 
pending on the amount and nature of the additive 
used. The cataiytically active surface of the en- 
45 riched alumina may be between 0.1 and 5 m2/g, pref- 
erably between 0.2 and 2 m2/g. The shaped alumina 
particles comprise i.a bars, rings, pellets, tablets 
and triangles. They are especially suitable in fixed 
bed applications in ethylene oxide preparation. 
50 In order to prepare a suitable catalyst the cal- 
cined, alkali metal enriched alumina earner is Im- 
pregnated with a solution of a silver compound suf- 
ficient to cause precipitation on the carrier of from 1 
to 25 per cent by weight, based on the weight of the 
55 total catalyst, of metallic sliver, the so impregnated 
carrier is separated from the solution and the pre- 
cipitated silver compound is reduced to metallic sil- 
ver. Hereinafter several detailed methods will be 
disclosed. 

60 As a promoter is added to the silver solution, one 
or more of the alkali metals potassium, rubidium and 
cesium, preferably in the fomn of their salts or hy- 
droxides. Although the metals potassium, rubidium 
and cesium in pure metallic fomi exist, they are in 

65 that form not suitable for use. Therefore they are 
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administered In a solution of their salts or hydrox- 
ide. The alumina cannier is impregnated with the pro- 
moter before, during or after the impregnation of 
the silver salt has taken place. The promoter nnay 
even be brought on the canrier after reduction to 
metallic silver has taken place. The amount of pro- 
meter generally lies between 10 and 1000 parts by 
weight of potassium, rubidium or cesium metal per 
million parts by weight of total catalyst Preferably 
amounts between 250 and 750 parts by weight are 
present on the total catalyst. 

The alumina canrier is also impregnated with a 
source of fluorlde-anions. This may be done the 
same time that the promoter is added, before or lat- 
er. The function of the F- Ions is not quite under- 
stood. The amount of fluoride-anions present on the 
alumina carrier is between 10 and 1000 parts by 
weight, preferably between 100 and 400 parts by 
weight, per million parts by weight of the total cata- 
lyst. Suitable sources of fluoride-anions are ammo- 
nium fluoride (NH4F)» ammoniumhydrogen fluoride 
(NH4HF2), lithium fluoride, sodium fluoride and sli- 
ver fluoride. 

Generally the alumina canrier is mixed with a sil- 
ver salt or a silver salt-complex containing aqueous 
solution, so that the alumina carrier is Impregnated 
with said aqueous solution, thereafter the Impreg- 
nated carrier Is separated from the aqueous solu- 
tion, e.g. by filtration and then dried. The thus ob- 
tained impregnated alumina can-ier is heated to a 
temperature in the range of from 100 *»C to 400 '^C. 
during a period sufficient to cause reduction of the 
silver salt (complex) to metallic silver and to form a 
layer of finely divided silver, which is bound to the 
surface of the alumina earner. A reducing gas or 
an inert gas may be conducted over the alumina car- 
rier during this heating step. 

There are known several methods to add the sil- 
ver to the alumina carrier. The earner may be im- 
pregnated with an aqueous silver nitrate containing 
solution, and then dried after which drying step the 
silver nitrate Is reduced with hydrogen or hydra- 
zine. The alumina canier may also be impregnated 
with an ammoniacal solution of silver oxalate or sil- 
ver carbonate, and then dried, after which drying 
step the silver oxalate or silver carbonate is re- 
duced to metallic silver by heating to e.g. up to 400 
«C. Specific solutions of silver salts with solubiliz- 
ing and reducing agents may be employed as well. 
e.g. combinations of vicinal alkanolamines, alkyldi- 
amines and ammonia. 

The amount of promoter lies between 10 and 1000 
ppm of alkali metal calculated on the total earner ma- 
terial. Preferably amounts between 250 and 750 
ppm are especially suitable. Suitable compounds of 
potassium, rubidium and cesium are, for example, 
the nitrates, oxalates, carboxyiic add salts or hy- 
droxides. The most preferred pronnoter is cesium 
among the alkali metals, preferably applied in an 
aqueous solution of cesium hydroxide or cesium ni- 
trate. 

There are known excellent methods of applying 
the promoters coincidentally with the silver on the 
canier. Suitable alkali metal salts are generally 
those which are soluble in the silver-precipitating 



liquid phase. Besides the above-mentioned com- 
pounds may be mentioned the nitrites, chlorides, io- 
dides, bromides, bicarbonates, acetates, tartrates, 
lactates and isopropoxides. The use of alkali metal 

5 salts which react with the silver salt In solution must 
be avoided, e.g. the use of potassium chloride to- 
gether with silver nitrate In an aqueous solution, 
since then silver chloride is prematurely precipitat- 
ed. The use of potassium nitrate Is recommended in- 

10 stead of potassium chloride. However potassium 
chloride may be used together with a silversalt- 
amIne-Gomplex in aqueous solution, since then sil- 
ver chloride is not precipitated prematurely from 
the solution. 

15 The amount of promoter on the alumina carrier 
may also be regulated within certain limits by wash- 
ing out the surplus of alkali material with methanol or 
ethanol. Temperatures, contact times and drying 
with gases may be regulated. Traces of alcohol in 

20 the pores of the carrier must be avoided. 

A preferred process of impregnating the alumina 
carrier consists of Impregnating the carrier witii an 
aqueous solution containing a silver salt of a car- 
boxyiic acid, an organic amine, a salt of potassium, 

25 rubidium or cesium. A potassium containing silver 
oxalate solution may be prepared. Silver oxide 
(slurry In water) is reacted with a mixture of etiiyl- 
ene diamine and oxalic acid, so tiiat an aqueous solu- 
tion of silver oxalate-ethylene diamine-complex is 

30 obtained, to which solution is added a certain 
amount of potassium compound. Other amines, such 
as ethanolamine, may be added as well. A potassium 
containing silver oxalate solution may also be pre- 
pared by precipitating silver oxalate from a solution 

35 of potassium oxalate and silver nitrate and rinsing 
with water or alcohol the obtained silver oxalate in 
order to remove the adhering potassium salt until 
the desired potassium content is obtained. The po- 
tassium containing silver oxalate is then solubilized 

40 with ammonia and/or an amine in water. Rubidium and 
cesium containing solution may be prepared also in 
these ways. The impregnated alumina earners are 
tiien heated to a temperature between 100 ""O and 
400 *C, preferably between 125 'C and 325 *»C. 

45 It is obsen/ed that independent of the form in 
which the silver is present in the solution before 
precipitation on the canier, the term "reduction to 
metallic silver" is used, while in the meantime often 
decomposition by heating occurs. We prefer to use 

50 the tenn "reduction", since the positively charged 
Ag* ion is converted into metallic Ag atom. Reduc- 
tion times may generally vary from 5 min to 8 hours, 
depending on the circumstances. 
The promoter on the alumina surface is prefera- 

55 biy present in the form of oxide potassium, rubidium 
or cesium. I\4ixtures of oxides are not excluded. 

The silver catalysts according to the present in- 
vention have been shown to be particularly selec- 
tive and stable catalysts In tiie direct oxidation of 

60 etiiylene with molecular oxygen to ethylene oxide. 
The conditions for canying out such an oxidation re- 
action in the presence of the silver catalysts ac- 
cording to the present invention broadly comprise 
those already described in the prior art. This ap- 
65 plies, for example, to suitable temperatures, pres- 



3 



EP0244 895B1 



sures. residence times, diluent materials, such as 
nitrogen, carbon dioxide, steam, argon, methane or 
other saturated hydrocarbons, presence or ab- 
sence of moderating agents to control the catalytic 
action, for example, 1-2-dlchloroethane, vinyl chlo- 
ride or chlorinated polyphenyl compounds, the de- 
sirability of employing recycle operations or apply- 
ing successive conversions in different reactors' 
to increase the yields of ethylene oxide, and any 
other special conditions which may be selected in 
processes for preparing ethylene oxide. Pressures 
in the range of from atmospheric to 35 bar are gen- 
erally employed. Higher pressures are, however, 
by no means excluded. Molecular oxygen employed 
as reactant can be obtained from conventional 
sources. The suitable oxygen charge may consist 
essentially of relatively pure oxygen, a concentrat- 
ed oxygen stream comprising oxygen in major 
amount with lesser amounts of one or more diluents, 
such as nitrogen and argon, or another oxygen-con- 
taining stream, such as air. It is therefore evident 
that the use of the present silver catalysts In ethyl- 
ene oxidation reactions is in no way limited to the use 
of specific conditions among those which are known 
to be effective. 

In a preferred application of the silver catalysts 
according to the present Invention, etiiylene oxide 
is produced when an oxygen-containing gas is con- 
tacted with ethylene in the presence of the present 
catalysts at a temperature in the range of from 190 
•C to 285 «C and preferably 200 ^'C to 270 *C. 

Generally in the reaction of etinylene with oxygen 
to ethylene oxide, the ethylene present is at least a 
double amount (on a mol basis) compared witii the ox- 
ygen, but the applied amount of ethylene is often 
much higher. Tlierefore the conversion is calculat- 
ed according to the mol percentage of oxygen, 
which has been used. The oxygen conversion is de- 
pendent on the reaction temperature, which latter is 
a measure for the activity of tiie catalyst employed. 
The values T30, T40 and T50 indicate the tempera- 
tures at 30 mol%, 40 mol% and 50 mol% conversion 
of the oxygen respectively in the reactor, and tiie 
values T are expressed In ""C. These temperatures 
are higher when tiie conversion of the oxygen is 
higher. Moreover tiiese temperatures are strongly 
dependent on tiie employed catalyst and reaction 
conditions. The selectivities (to ethylene oxide) indi- 
cate tiie molar percentage of ethylene oxide in the 
reaction mbcture compared with tiie total molar 
amount of converted matter. The selectivity is indi- 
cated e.g. as Sao, S40 and S50, which means the se- 
lectivity at 30, 40 and 50 moi% oxygen conversion 
respectively. 

The stability of the silver catalyst cannot be ex- 
pressed directly. To measure the stability experi- 
ments during a considerable time, e.g. a year would 
be necessary. Applicant has now found tiiat these 
time consuming tests can be simulated by carrying 
out the experiments during about one montii under 
the extreme high velocity of thirty thousand litres 
gas.litre catalyst"Vh-i also Indicated as GHSV). 
This velocity is much higher than that used in com- 
mercial ethylene oxide processes (the latter GHSV 
= 2800-6000). During the whole test period the 



above defined S and T values are measured regu- 
larly. After tiie reaction has finished, tiie total 
amount of produced etiiylene oxide per ml of cata- 
lyst Is determined. The selectivity and the activity 

5 of tiie catalyst are extrapolated on tiie basis that 
one ml of catalyst would have produced 1000 g of 
ethylene oxide. The new catalyst is considered to be 
more stable than a standard catalyst if the differ- 
ences in T- and S-values, measured on the new cat- 

10 alyst (preferably at the beginning and at the end of 
tiie reaction) are smaller than tiiose measured on 
tiie standard catalyst, which In every experiment is 
present. The stability tests are carried out at con- 
stant oxygen conversion of 35%. 

15 Exaynple 1 

A. 8 g of cesium fluoride dissolved in 832 ml wa- 
ter was mixed with 800 g of Kaiser alumina (26405) 
(AlaOa.HaO) by addition of tiie cesium fluoride solu- 

20 tion to tiie alumina, and the mixture was kneaded dur- 
ing 30 min. The obtained paste was extruded. The ob- 
tained shaped pieces were dried at 120 ''C and then 
calcined at periodically Increased temperature. Up 
to 700 *C was calcined firstly at an increase in tem- 

25 perature of 200 ''C/h, then was calcined for one 
hour at 700 **C, whereafter the temperature in two 
hours reached 1600 °0. Finally was calcined further 
for one hour at 1600 'C. The pore volume of the al- 
pha-alumina shaped pieces was 0.45 ml/g and the 

30 average pore diameter was 1.6 ^m. The obtained 
ring-shaped pieces were impregnated with an aque- 
ous solution of silver oxalate, to which ^cesium hy- 
droxide and ammonium fluoride was added. The im- 
pregnation was carried out for 10 min under vacu- 

35 um, whereafter the shaped pieces were separated 
from the aqueous solution, and then placed in a heat 
air stream at a temperature of 250-270 *'C during 10 
min, In onjer to convert the silver oxalate into metal- 
tic silver. The aqueous solution of silver oxalate 

40 contained 28 per cent by weight of Ag (calculated 
on the total weight of the solution), wherein the sil- 
ver oxalate was compiexed with ethylene diamine 
and to which solution was added cesium hydroxide 
and ammonium fluoride. The impregnated shaped 

45 pieces before heat treatment contained 17.1 per 
cent by weight (calculated one the weight of the total 
catalyst) of silver and 280 ppm of cesium and 200 
ppm of F (calculated on one million parts by weight 
of total catalyst). 

50 B. A second catalyst was prepared in the same 
manner as above described, except that the amount 
of cesium as promoter was 330 ppm. 

Botii sOver catalysts were employed in the prepa- 
55 ration of ethylene oxide from etiiylene and oxygen. 
A cyllndric steel reactor with a length of 40 cm and 
a diameter of 5 mm was completely filled witii 
crushed catalyst particles, of about 1 mm. The reac- 
tor was placed in a bath of silica and alumina parti- 
60 cles in fluid bed state. A gas mixture of the following 
composition was introduced into the reactor: 30 
mol% ethylene, 8,5 moI% oxygen, 7 mol% cartoon di- 
oxide and 54.5 mol% nitrogen and 5.5 ppm vinyl chlo- 
ride as moderator. The GHSV was 3300 h-\ The 
65 pressure was maintained at 15 bar and the tempera- 
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ture dependent on the oxygen conversion. Measur- 
ing-instaiments were connected to the reactor and 
to a computer, such that conversion and reaction 
temperature could be precisely regulated. With the 
aid of gaschromatography and mass-spectroscopy 
the amounts of reaction products were determined. 
The oxygen conversion was 40%. 

A third catalyst was prepared according to Exam- 
ple 1A, with the exception that ammonium fluoride 
was not added. 

All three catalysts were tested on their selectivi- 
ty: The selectivity values (S40) of the first and the 
second catalyst were 81.2 and 81.3, while the selec- 
tivity {S40) of the third catalyst was 79.9. 

All three catalysts did not differ substantially in 
activity. It proved that the addition of fluoride ani- 
ons considerably improved the selectivity of the 
catalyst 
ExarriDle 2 

5.34 g of cesium fluoride was dissolved in 1070 ml 
water. 800 g of Kaiser alumina (26405) (AlaOs-HaO) 
and 166.8 g of silldum dioxide (150 g of dry com- 
pound) were mixed and the mixture was kneaded for 
15 min. In one minute the CsF solution was added to 
the mixture and the mixture was again kneaded. The 
obtained paste was then extruded. The obtained 
shaped pieces were dried for one hour at 120 «C 
and then calcined at periodically increased tempera- 
ture. Up to 500 ''C was firstly caidned at an in- 
crease in temperature of 200 "^CJh, then was cai- 
dned for one hour at 500 'C. whereafter the tem- 
perature in two hours reached 1600 •C. Rnally was 
caidned for six hours at 1600 'C. The pore volume 
of the shaped pieces was 0.25 ml.g-i and the aver- 
age pore diameter 1 .3 (im. 

The ring-shaped pieces were impregnated with an 
aqueous solution of silver oxalate, to which solution 
cesium hydroxide and ammonium fluoride was added. 
The impregnation was canied but for 10 min in vacu- 
um, whereafter the shaped pieces were separated 
from the solution and then placed in a stream of heat 
air for 10 min at a temperature of 250-270 *»C, in or- 
der to convert the silver oxalate in metallic silver. 
The aqueous solution of silver oxalate was a 28 per 
cent by weight containing sliver solution, wherein 
the silver oxalate was complexed with ethylene di- 
amine and to which solution the necessary additives 
were added. The impregnated shaped pieces before 
heat treatment contained 13,4 per cent by weight of 
silver (calculated on the total weight of the cata- 
lyst), 660 ppm of cesium and 200 ppm of fluorine 
(calculated on one million parts by weight of total 
catalyst). 

The silver catalyst was employed in the prepara- 
tion of ethylene oxide from ethylene and oxygen. A 
cyllndric steel reactor with a length of 40 cm and a 
diameter of 5 mm was completely filled with crushed 
catalyst partides of about 1 mm. The reactor was 
then placed in a bath of silica- and alumina partides 
maintained in fluid bed. A gas mixture of the follow- 
ing composition was Introduced into the reactor: 30 
mol% ethylene, 8.5 mol% oxygen, 7 mol% carbon di- 
oxide and 54,5 mol% nitrogen and 5.5 ppm vinylchlo- 
ride as moderator. The GHSV was 3300 h'\ The 



pressure was maintained at 15 bar and the tempera- 
ture was dependent on the oxygen conversion, the 
latter being 40%. Measuring-instruments were con- 
nected to the reactor and to a computer, such that 

5 conversion and reaction temperature could be pre- 
cisely regulated. With the aid of gaschromatogra- 
phy and mass-spectroscopy the amounts of reac- 
tion products could be determined. 
The selectivity (S40) of the above-mentioned sil- 

10 ver catalyst was 81.5, while the selectivity (S40) of 
a non-ammonium fluoride doped silver catalyst was 
80.1. 

Example 3 

15 1 .79 g of cesium fluoride dissolved in 861 ml water 
was mixed with 810 g of Kaiser alumina (26405) 
(AlaOa.HaO) by addition of the cesium fluoride solu- 
tion to the alumina, and the mixture was kneaded dur- 
ing 30 min. The obtained paste was extruded. The ob- 
20 tained shaped pieces were dried at 120 °C and then 
calcined at periodically increased temperature. Up 
to 500 was calcined firstly at an increase In tem- 
perature of 200 '^C/h, then was caidned for one 
hour at 500 ^C, whereafter the temperature in two 
25 hours reached 1600 •'C. Finally was caidned further 
for six hours at 1600 *»C, The pore volume of the al- 
pha-alumina shaped pieces was 0.50 ml/g and the 
average pore diameter was 1 .2 ^m. 
The obtained ring-ishaped pieces were impregnat- 
30 ed with an aqueous solution of silver oxalate, to 
which cesium hydroxide and ammonium fluoride was 
added. The impregnation was canied out for 10 min 
under vacuum, whereafter the shaped pieces were 
separated from the aqueous solution, and then 
35 placed in a heat air stream at a temperature of 250- 
270 during 10 min, in order to convert the silver 
oxalate into metallic silver. The aqueous solution of 
silver oxalate contained 28 per cent by weight of Ag 
(calculated on the total weight of the sdution), 
40 wherein the silver oxalate was complexed with ethyl- 
ene diamine and to which solution was added cesium 
hydroxide and ammonium fluoride. The impregnated 
shaped pieces before heat treatment contained 16.9 
per cent by weight (calculated on the weight of the 
45 totai catalyst) of sliver and 600 ppm of cesium and 
200 ppm of F (calculated on one million parts by 
weight of total catalyst). 

The silver catalyst was employed in the prepara- 
tion of ethylene oxide from ethylene and oxygen. A 
50 cylindric steel reactor with a length of 40 cm and a 
diameter of 5 mm was completely filled with crushed 
catalyst particles of about 1 mm. The reactor was 
placed in a bath of silica and alumina particles In flu- 
id bed state. A gas mixture of the following composl- 
55 tion was introduced into the reactor: 30 mol% ethyl- 
ene, 8.5 mol% oxygen, 7 mol% carbon dioxide and 
54.5 mol% nitrogen and 5.5 ppm vinyl chloride as 
moderator. The GHSV was 3300 h-i. The pressure 
was maintained at 15 bar and the temperature de- 
60 pendent on the oxygen conversion. Measuring-in- 
struments were connected to the reactor and to a 
computer, such that conversion and reaction tem- 
perature could be predsely regulated. With the aid 
of gaschromatography and mass spectroscopy the 
65 amounts of reaction products were determined. The 
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oxygen conversion was 40%. The selectivity (S40) 
of the above-mentioned silver catalyst was 82.5 
Example 4 

The silver catalyst prepared according to the 
process disclosed in Example 1 A and the silver cata- 
lyst prepared by the process disclosed in Example 3 
were both tested on their stability in the reaction of 
ethylene to ethylene oxide. 

A steel cylindrlc reactor with a length of 15 cm 
and a diameter of 3 mm was filled completely with cat- 
alyst particles of about 0.3 mm. The reactor was 
placed In a bath, which consisted of silici- 
um/aiuminium particles In a fluidized state. A gas mix- 
ture with the following composition was conducted 
through the reactor: 30 mol% ethylene, 8.5 mol% ox- 
ygen. 7 mol% carbon dioxide and 54.5 mol% nitrogen 
and 7 parts, per million parts of gas. of vlnylchlo- 
ride as moderator. The GHSV was 30.000 l.hi.h-i. 
The pressure was 15 bar and the temperature was 
dependent of the oxygen conversion. The measur- 
ing instruments were connected to the reactor and 
to a computer, In such a way that conversion and 
temperature could be regulated precisely. With the 
aid of gaschromatography or mass spectroscopy 
the content of each reaction component was deter- 
mined. The stability test was carried out at a con- 
stant oxygen conversion of 35%. During the test, at 
regular intervals, the reaction temperature at 35% 
oxygen conversion was determined. Also the selec- 
tivity to ethylene oxide was determined at regular in- 
ten/als. After 40 days the tests were discontinued 
and the total amount of produced ethylene oxide per 
ml catalyst was determined. 

From the measured reaction temperatures, start- 
ing at the beginning of the reaction, the Increase in 
reaction temperature was calculated in ""C for the 
moment at which 1000 g ethylene oxide per ml cata- 
lyst would have been produced (aP^oo). From the 
measured selectivitles the decrease in selectivity in 
mol% was calculated for the moment at which 1000 g 
ethylene oxide per ml catalyst would have been pro- 
duced (AS1000). 

The same measurements and calculations were 
carried out with a third silver catalyst which did not 
contain fluoride anions, but which still contained ce- 
sium fluoride in its carrier and which further In all 
aspects was prepared in the same way as the inven- 
tive catalysts. 

In the Table the aS^om and aPOOO are given in 
the percentage of the aS^ooo and aTiooo of the 
third catalyst 
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Claims 

1. An improved silver catalyst, suitable for use in 
the oxidation of ethylene to ethylene oxide, charac- 

5 terized by 

a calcined, alkalimetal-enriched alumina carrier 
having supported thereon 
a) from 1 to 25 per cent by weight of metallic sil- 
ver, based on the weight of the total catalyst, 

10 b) an alkali metal of the group consisting of potas- 
sium, rubidium and cesium, in the form of their ox- 
ide or hydroxide as a promoter and 
c) a fluoride-anion, 

the tatter two under b) and c) each being present 
15 in an amount between 10 and 1000 parts by weight 
per million parts by weight of the total catalyst. 

2. A silver catalyst according to claim 1, charac- 
terized in that the amount of alkali metal as defined 
under b) is between 250 and 750 parts by weight 

20 3. A silver catalyst according to claim 1 or 2, 
characterized in that the amount of fluoride-anion 
as defined under c) is between 100 and 400 parts by 
weight per million parts by weight of total catalyst 

4. A silver catalyst according to any one of the 
25 claims 1-3, characterized in that the alkalimetal-en- 
riched alumina carrier contains cesium as the alkali 
metal. 

5. A process for preparing a silver catalyst ac- 
cording to claim 1, suitable for use in the oxidation of 

30 ethylene to ethylene oxide characterized in that an 
alkali metal enriched alumina earner, which has 
been calcined, is impregnated with a solution of a sil- 
ver compound, sufficient to cause precipitation on 
the carrier of from 1 to 25 per cent by weight based 

35 on the weight of the total catalyst of metallic silver, 
and before, during or after that impregnation also 
with one or more dissolved potassium-, mbidium- or 
cesium-compounds as promoter and with an addi- 
tional source of fluoride-anions, and after precipi- 

40 tation the sliver compound on the impregnated carri- 
er is reduced to metallic silver. 

6. A process according to claim 5, characterized 
in that the alumina carrier is calcined at a tempera- 
ture of between 1200 ''C and 1700 «C. 

45 7. A process according to claim 5 or 6, character- 
ized in that the alumina carrier is mixed with cesium 
fluoride, cesium chloride, lithium fluoride, lithium ni- 
trite or cesium hydroxide. 

8. A process according to any one of the claims 
50 5-7, characterized in that an alkali metal compound 

is mixed with the alumina in such quantity that the 
atomic ratio of alkali/aluminium is between 0.0005 
and 0.1. 

9. A process according to claim 8, characterized 
55 in that sllicium dioxide is additionally mixed with the 

alumina In such quantity that the atomic ratio of silici- 
um/aluminium is between 0.1 and 0.5. 

10. A process according to any one of the claims 
5-9, characterized in that the enriched alumina car- 

60 rier is extruded and shaped to particles, which are 
calcined to a temperature of between 1200 ^'C and 
1700 '^C. 

1 1 . A process according to any one of the claims 
5-10, characterized in that the promoter is present 

65 on the alumina carrier in an amount between 10 and 



6 



11 



EP 0 244 895 B1 



12 



1000 parts by weight of potassium, rubidium or cesi- 
um metal per million parts by weight of total catalyst. 

12. A process according to claim 11, character- 
ized In that the promoter Is present In an amount be- 
tween 250 and 750 parts by weight per million parts 
by weight of total catalyst. 

13. A process according to any one of the claims 
5-12, characterized in that the source of fluoride- 
anlons Is ammonium fluoride or ammonium hydrogen 
fluoride. . 

14. A process according to any one of the claims 
5-12. characterized In that the source of fluoride- 
anions is lithium fluoride, sodium fluoride or silver 
fluoride. 

15. A process according to claim 13 or 14, charac- 
terized in that the amount of fluoride-anions 
present on the alumina canrier is between 10 and 
1000 parts by weight, preferably between 100 and 
400 parts by weight per million parts by weight of to- 
tal catalyst. 

16. A process for preparing ethylene oxide by oxi- 
dation of ethylene in the presence of a silver cata- 
lyst according to any one of the claims 1-4 or pre- 
pared by means of a process according to any one 
of the claims 5-15. 

Patentanspruche 

1. Verbesserter Silberkatalysator, geeignet fOr 
die Venwendung bei der Oxidation von Ethylen zu 
Ethylenoxid, gekennzeichnet durch einen kaizinler- 
ten, mit Alkalimetall angereichterten Aluminlumoxid- 
trager, auf welchem aufgebracht ist 

a) 1 bis 25 Gewichts-% metallisches Silber, bezo- 
gen auf das Gewicht des gesamten Katalysators, 

b) als Aktivator ein Alkalimetall aos der Gruppe 
Kalium. Rubidium und Casium in Fomi derer Oxide 
Oder Hydroxide und 

c) . ein Fluoridanlon wobei die letzteren beiden un- 
ter b) und c) genannten Jewells in einer Menge 
zwischen 10 und 1000 Gewichtsteilen pro 1 Million 
Gewichtsteile des gesamten Katalysators voriiegen. 

2. Silberkatalysator nach Anspruch 1, dadurch 
gekennzeichnet, daB die Menge des unter b) ange- 
gebenen Alkalimetalls zwischen 250 und 750 Ge- 
wichtsteilen liegt 

3. Silberkatalysator nach Anspnjch 1 oder 2, da- 
durch gekennzeichnet, daB die Menge des unter c) 
angegebenen Fluortdanions zwischen 100 und 400 
Gewichtsteilen pro 1 Million Gewichtsteile des ge- 
samten Katalysators liegt. 

4. Silberkatalysator nach einem der Anspruche 1 
bis 3. dadurch gekennzek:hnet. daB der mit einem 
Alkalimetall angereicherte Aluminiumoxidtrager Ca- 
sium ais Alkalimetall enthalt. 

5. Verfahren zur Herstellung eines Silberkataly- 
sators nach Anspruch 1, welcher fOr die Venwen- 
dung bei der Oxidation von Ethylen zu Ethylenoxid 
geeignet ist, dadurch gekennzeichnet, daB ein mit ei- 
nem Alkalimetall angerelchterter Aluminiumoxidtra- 
ger, der kalziniert wurde. mit einer Losung einer Sil- 
ben/erbindung Impragniert wird, die ausreicht, auf 
dem Triger eine Prazipltation von 1 bis 25 Gewichts- 
%, bezogen auf das Gewicht des gesamten Kataly- 
sators, von metalllschem Silber hervorzumfen und 



vor. wahrend oder nach dieser Impragnierung auch 
mit einem oder mehreren gelosten Kalium-. Rubidium- 
oder Casiumverbindungen als Aktivator und mit ei- 
ner zusatzllchen Ruorid-Anionenquelle Impragniert 
wird und nach der Prazipltation die Silben^erbin- 
dung auf dem impragnierten Triger zu metalllschem 
Silber reduziert wird. 

6. Verfahren nach Anspruch 5. dadurch gekenn- 
zeichnet. daB der Aluminiumoxidtrager bei einer 
Temperatur von 1200°C bis 1700'^C kalziniert wird. 

7. Verfahren nach Anspruch 5 oder 6. dadurch 
gekennzeichnet. daB der Aluminiumoxidtrager ver- 
mischt wird mit Caslumfluorid. C§siumchlorid, Uthi- 
umfluorid, Lithlumnitrit oder C§siumhydroxid. 

8. Verfahren nach einem der AnsprQche 5 bis 7, 
dadurch gekennzeichnet, daB eine Alkalimetaliver- 
bindung mit dem Aluminiumoxid In einer solchen Men- 
ge vermlscht wird, daB das AtomverhSltnis von AI- 
kail/Aluminium zwischen 0,0005 und 0,1 liegt 

9. Verfahren nach Anspruch 8, dadurch gekenn- 
zeichnet, daB Siliziumdioxid zusStzlich mit dem Alumi- 
niumoxid in einer solchen Menge vermlscht wird, 
daB das Atdmverhaltnis von Silizium/Aluminium zwi- 
schen 0,1 und 0,5 liegt. 

10. Verfahren nach einem der AnsprQche 5 bis 9^ 
dadurch gekennzeichnet, daB der angereicherte 
Aluminiumoxidtrager extrudlert und zu Tellchen ge- 
fomit wird. die bei einer Temperatur von 1200*C bis 
1 700^*0 kalziniert werden. 

11. Verfahren nach einem der Anspruche 5 bis 10, 
dadurch gekennzeichnet. daB der Aktivator in dem 
Aluminiumoxidtrager in einer Menge zwischen 10 
und 1000 Gewichtsteilen des Kalium-, Rubidium- 
oder Caslummetalls pro eine Million Gewichtsteile 
des gesamten Katalysators vorliegt 

12. Verfahren nach Anspruch 11, dadurch ge- 
kennzeichnet. daB der Aktivator in einer Menge 
zwischen 250 und 750 Gewichtsteilen pro 1 Million 
Gewichtsteile des gesamten Katalysators vorliegt. 

13. Verfahren nach einem der Anspruche 5 bis 
12. dadurch gekennzeichnet, daB die Fluoridanio- 
nenquelle Ammoniumfluorid oder Ammoniumhydro- 
genfluorid ist. 

14. Verfahren nach einem der AnsprQche 5 bis 
12. dadurch gekennzeichnet daB die Ruoridanio- 
nenquelle Lithiuntfluorid, Natrlumfluorid oder Silber- 
fluorid ist 

15. Verfahren nach Anspmch 13 oder 14. da- 
durch gekennzeichnet, daB die Menge der auf dem 
Aluminiumoxidtrager vorliegenden Fluoridanionen 
zwischen 10 und 1000 Gewichtsteilen, vorzugsweise 
zwischen 100 und 400 Gewichtsteilen. pro 1 Million 
Gewichtsteile des gesamten Katalysators liegt. 

16. Verfahren zur Herstellung von Ethylenoxid 
durch Oxidation von Ethylen in Gegenwart eines Sil- 
berkatalysators nach einem der Anspruche 1 bis 4 
Oder hergesteilt durch ein Verfahren nach einem 
der AnsprQche 5 bis 15. 

60 Revendlcations 

1. Un cataiyseur k base argent ameliore. utilisa- 
ble dans I'oxydation d*ethyl6ne en oxyde d'ethyldne, 
caract^ris§ par un support caldn§ d'alumine enri- 
65 chie en m§tal alcaiin et ayant deposes sur lui 
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a) de 1 a 25% en poids d*argent metallique, par 
rapport au poids du cataiyseur total, 

b) un metal alcalln du groupe constitu6 par le po- 
tassium, le rubidium et le cisium, sous la forme da 
leur oxyde ou hydroxyde, comme promoteur, et 

c) un anion fluorure, les deux demlers consti- 
tuants (b) et (c) dtant presents chacun ^ raison de 
10 & 1000 parties en poids par million de parties en 
poids du cataiyseur total. 

2. Un cataiyseur k base d'argent seton la raven- 
dication 1 , caracterisd en ce que la quantite du m§tal 
alcalln tel que d^fini sous b) est comprise entre 250 
et 750 parties en poids. 

3. Un cataiyseur k base d'argent selon ia reven- 
dications 1 ou 2, caract^risd en ce que la quantity 
d'anion fluorure comme ddfini sous c) est comprise 
entre 100 et 400 parties en poids par million de par- 
ties en poids de cataiyseur total. 

4. Un cataiyseur a base d'argent selon I'une quel- 
conque des revendications 1-3, caract6ris6 en ce 
que le support d'aiumine enrichie en mdtal alcalin 
contient du cesium comme m§tal aicalin. 

5. Un precede de preparation d'un cataiyseur k 
base d'argent, utllisable dans Toxydation d'6thyl§ne 
en oxyde d'^thyl^ne, caracterise en ce qu'un sup- 
port d'aiumine enrichie en metal alcalin, qui a 4t§ cal- 
cine, est impr^gnS d'une solution d'un composd de 
I'argent, d'une mani6re sufflsante pour causer la 
precipitation sur le support de 1 ^ 25% en poids d'ar- 
gent metallique, par rapport au poids du cataiyseur 
total, et avant, pendant ou aprds cette impregna- 
tion, aussi d'un ou plusieurs composes du potas- 
sium, du rubidium ou du c6sium dissous, comme pro- 
moteur, et d'une source suppl§mentaire d'anions 
fluomre, et aprfes ia precipitation le compose de I'ar- 
gent sur le support impregne est reduit en argent 
metallique. 

6. Un precede selon la revendicatlon 5. caracte- 
rise en ce que le support d'aiumine est calcine a une 
temperature comprise entre 1200»C et 1700*»C, 

7. Un precede selon ia revendicatlon 5 ou 6, ca- 
racterise en ce que le support d'aiumine est melange 
avec du fluorure de cesium, du chlorure de cesium, 
du fluorure de lithium, du nitrite de lithium ou de I'hy- 
droxyde de cesium. 

8. Un precede selon I'une quelconque des reven- 
dications 5-7. caracterise en ce qu'un compose de 
metal alcalin est melange avec I'alumlne en quantite 
telle que le rapport atomlque du metal alcalin a I'alu- 
minium soit compris entre 0.0005 et 0.1 . 

9. Un precede selon la revendicatlon 8, caracte- 
rise en ce que du bioxyde de silidum est melange en 
outre avec Talumine en quantite telle que le rapport 
atomique du silicium a Taluminium soit compris entire 
0,1 et0,5. 

10. Un precede selon i'une quelconque des reven- 
dications 5-9, caracterise en ce que le support 
d'aiumine enrichie est extrude et mis sous ta forme 
de particules. qui sent calcinees k une temperature 
comprise entre 1200*C et 1700*C. 

11. Un precede selon I'une quelconque des reven- 
dications 5-10. caracterise en ce que le promoteur 
est present sur le support d'aiumine a raison d'une 
quantite comprise entre 10 et 1000 parties en poids 
de metal potassium, njbidium ou cesium par million de 



parties en poids de cataiyseur total. 

12. Un precede selon la revendicatlon 11, caracte- 
rise en ce que le promoteur est present k raison 
d'une quantite comprise entre 250 et 750 parties en 

5 poids par million de parties en poids de cataiyseur 
total. 

13. Un precede selon I'une quelconque des reven- 
dications 5-12, caracterise en ce que la source 
d'anions fluonjre est du fluomre d'ammonium ou de 

10 I'hydrogenofluorure d'ammonium. 

14. Un procede selon Tune quelconque des re- 
vendications 5-12, caracterise en ce que la source 
d'anions fluorure est du fluorure de lithium, du fluo- 
mre de sodium ou du fluomre d'argent. 

15 15. Un precede selon ta revendicatlon 13 ou 14, 
caracterise en ce que la quantite d'anions fluomre 
presente sur le support d'aiumine est comprise en- 
tre 10 et 1000 parties en poids, de preference entre 
100 et 400 parties en poids par million de parties en 

20 poids de cataiyseur total. 

16. Un precede de preparation d'oxyde d'ethyiene 
par oxydatlon d'6thyl&ne en presence d'un cataiy- 
seur a base d'argent selon I'une quelconque des re- 
vendications 1-4 ou prepare au moyen d'un precede 

25 selon I'une quelconqud des revendications 5-1 5. 
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